The sugarcane (Saccharum spp.), according to Lima et al. (8) , is a perennial grass belonging to the genus Saccharum, tribe Andropogoneae, family Poaceae (Gramineae). It is from Southeast Asia and constitutes the main raw material for the manufacture of sugar and alcohol (ethanol). In short, this culture produces high green matter yield, energy and fiber and is considered one of the plants with highest photosynthetic efficiency. Large-scale planting of sugarcane is traditional in many countries of tropical and subtropical regions for the production of sugar, alcohol and other by-products.
In all Brazilian states, cultivation of this plant is generally one of the main agricultural activities.
In Rio de Janeiro, according to Emater-Rio data of 2009 (4), 122,452.52 ha of sugarcane were collected and approximately 54% were from the city of Campos dos Goytacazes. In this state, five species of bacteria, eleven species of fungi, seven species of straminipilous fungi and one species of virus have been cited so far as plant pathogens affecting sugarcane (2, 3).
Among the fungi listed in the state of Rio de Janeiro for sugarcane (2, 3, 10), the most important ones are those that cause the diseases Su ga rca ne (S a c c h a ru m spp.) cu ltiva tion is one of the ma jor a gricultu ra l activities in the Brazilia n states. This stu dy a imed to molecularly identify the pathogen associated with ru st in suga rcane cultivars in the state of Rio de Janeiro and to suggest a control strategy.
Among the 14 PCR-tested cultivars, Puccinia kuehnii infection was identified for RB94 75 20 , RB9 26 06 , RB8 35 48 6 , RB72 4 54 , SP89 -Castro, C.V.B.; Mezavilla, E.V.; Brioso, P.S.T. Orange rust in sugarcane -molecular identification in Rio de Janeiro State. Summa Phytopathologica, v.39, n.3, p.207-210, 2013.
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1 1 I5 , SP8 3 -2 8 4 7 , both from infected lea f sa mple a nd from urediniospores. Pu ccinia k ueh nii was not detected by PCR for the cultivars RB955971, RB951541, RB92579, RB867515, RB855536, SP9 1 -1 0 4 9 , SP8 0 -3 2 8 0 , SP8 0 -1 8 16 . T his is the first molecu la r detection of this fungus in the state of Rio de Janeiro for six of the 14 analyzed cultivars. According to Glynn et al. (7), economic losses caused by the outbreak of the causative agent of Orange Rust in sugarcane in Australia were of the order of 150 to 200 million Australian dollars. In Brazil, according to MAPA, this disease caused a loss of one billion dollars (6) and its incidence in susceptible cultivars is known to potentially reduce the national productivity by at least 22% to 37% (6, 12). This loss is caused due to a large number of injuries affecting leaves, impairing the photosynthesis and harming the development and, consequently, the productivity of leaves in terms of sucrose accumulation.
At the morphological level, the urediniospore related to Orange and Brown Rust has phenotypic differences (in terms of color and shape); however, the symptoms may vary depending on the infection duration, the location and the cultivar, which can lead to misidentifications (7). It is also noteworthy that at the field level rust formation can only be detected after urediniospore pustules are seen; in the early stages, the symptoms can be confused with those of another pathogen, e.g, Cercospora longipes E. J. Butler (5) .
In addition, the identification becomes problematic when the number of spores is small, as is the case for samples from soil or water (7). In Brazil, P. kuehii was cited in the state of São Paulo for cultivars RB72454, SP84-2025, SP89-1115 and later in the state of Espírito Santo for cultivars RB72454, RB92606, and SP89-1115, clone CT 96-3415, as well as in Goiás for the cultivar RB72454, in Paraná for clones and CV 96-3415 TC 14, and in Rio de Janeiro and Minas Gerais for the cultivar RB72454 (1, 5, 9).
Thus, specific molecular identification from infected leaf tissue or from spores of the fungus associated with Orange Rust in sugarcane by a sensitive, rapid and accurate test allows ready differentiation from other pathogens, rapid evaluation of susceptibility and resistance of sugarcane cultivars to P. kuehnii, possible presence of alternative hosts to the fungus, and immediate identification of the pathogen in several counties and/or Brazilian States using different types of samples (water, spores, soil, leaf tissue) at small quantities.
This study aimed to molecularly identify the pathogen associated with rust in sugarcane cultivars from the state of Rio de Janeiro by using both infected leaf sample, showing symptoms or not, and spores, as well as to suggest a control strategy.
Leaf samples from different cultivars (Table I) , with or without symptoms (spots on the ventral surface and / or pustules on the dorsal surface; Figure 1A ), were collected from March to June 2011 in Campo dos Goytacazes (RJ); they were placed in a paper envelope and sent to the Mycology Laboratory/ L.O.D.F./ IB/ UFRRJ. Then, they were analyzed under a binocular brand Wild M-5 (120 X) stereomicroscope to visualize the presence or the absence of the urediniospore associated with the pustules. As a control sample, sugarcane leaves collected in Seropédica (RJ), healthy or infected only with Leptosphaeria sacchari, were used (2, 3).
The morphological identification of fungal structures (uredia and urediniospore) was made under a binocular optical microscope Olympus CX40 (200 X) in semi-thin sections, done with the aid of sharp steel blade (Razor), of infected leaf tissue. The sectioned leaves were mounted on a microscope slide, covered with a cover slip in the presence of Amann lactophenol plus cotton blue 0.1% (w/v).
For DNA extraction, 100 mg of fragment (2 x 4 mm) of leaf tissue (infected or healthy) were deposited in a sterile mortar and placed with the aid of a sterile pestle under liquid nitrogen, added of 400µL buffer provided in the DNeasy Plant Mini Kit (Q1AGEN Brazil), followed by later instructions. The DNA was measured in a spectrophotometer for ultraviolet light and was diluted to a final concentration of 40 ng.µL -1 . Part of the observed urediniospore was transferred, with the aid of flamed stylus, to sterile polypropylene tubes and 1.5 mL of leaf samples was deposited in the Collection and Phytopathological Scientific Herbarium "Verlande Silveira Duarte" (UFRJ acronym -Index Herbarium, http://sweetgum.nybg.org/ih/herbarium.php?irn=126374).
For DNA extraction directly from the urediniospore, the latter was transferred, with the aid of flamed stylus, to sterile 1.5-mL polypropylene tubes, which were added of liquid nitrogen by using a sterile glass pipette and left on ice for 30 seconds with the aid of an automatic homogenizer coupled to a sterile pistil to break the urediniospore until the complete elimination of liquid nitrogen. Then, 400µL of buffer provided in the DNeasy Plant Mini Kit (QIAGEN Brazil) was added by following the manufacturer's instructions. The DNA was measured in a spectrophotometer for ultraviolet light and was diluted to a final concentration of 40 ng.µL -1 . PCR, followed by the procedure of Glynn et al. (7), was performed in a final volume of 100 µL containing 2 µL DNA, 0.25 mM dNTPs, 2.5 mM MgCl 2 , 0.5 mM of each primer, 2.5 units of Taq DNA polymerase (Invitrogen) and 10 µL of enzyme buffer 10 X. We used the primers PK1 -F: (sense) and PK1-R (reverse) specific for P. kuehnii and primers Pm1-F (sense) and Pm1-R (reverse) specific for P. melanocephala in separate tubes. The prepared tubes were placed in PTC 200 Thermocycler with an initial cycle at 94°C for five minutes, followed by 35 cycles of 94°C for 30 s, 56°C for 30 s, 72°C for 30 s and a final cycle at 72°C for seven minutes.
The amplified product was visualized after electrophoretic run in agarose gel containing 1% ethidium bromide (10 mg/mL) and photographed.
Of the collected leaf samples (Table 1) , only six cultivars (RB947520, RB92606, RB835486, RB72454, SP89-1115, SP83-2847) from Campos dos Goytacazes (RJ) had pustules in formation or already broken, with the presence of urediniospore ( Figure 1B) , which is characteristic of Orange Rust, similarly to the descriptions made by Ferrari et al. (5) . Other collected cultivars showed no symptoms or had symptoms without the presence of pustules.
By means of the adopted methodology, good quality DNA was obtained from both infected and healthy leaf tissue, as well as from the collected urediniospores.
The specific primers for P. kuehnii used in PCR resulted in an electrophoretic profile containing a fragment of about 527 bp, similar to that reported by Glynn et al. (7) both for the infected leaf tissue and for the urediniospore in six analyzed cultivars. On the other hand, the specific primers for P. melanocephala led to no amplification from both the infected leaf tissue and the urediniospore.
None of the used primers resulted in unspecific amplification of DNA from tissue that was healthy or infected with L. sacchari.
These data indicate, for the collected samples, the occurrence of simple infection within this P. kuehnii collection period although mixed infection with P. kuehnii and P. melanocephala may occur. According to several authors, Brown Rust is prevalent during the spring and Orange Rust in the wet summer period; however, Orange and Brown Rust can occur simultaneously, making it difficult to make field-level identification (6, 7).
Initially, the presence of the fungus in sugarcane (cultivar RB72454) in the municipality of Campos dos Goytacazes (RJ) occurred near the boundary with the state of Espírito Santo, indicating that the infested pathogen spores were from propagation material from this state or had been spread by the wind. This hypothesis is more plausible in relation to other susceptible cultivars (RB947520, RB92606, RB835486, SP89-1115, SP83-2847) planted in this country in the state of Rio de Janeiro.
In 2010, "Rede Interuniversitária para Desenvolvimento do Setor Sucroalcooleiro" (RIDESA) provided information on 91 sugarcane cultivars from RB (Republic of Brazil) (14) ; however, the resistance or susceptibility to P. kuehnii was not assessed for most of them. In 2011, some sugarcane cultivars resistant to P. kuehnii were reported for the state of Sao Paulo, according to the scale of disease severity (9), including SP79-1011, SP80-1816, SP80-1842, SP80-3280, SP8I-3250, SP83-2847, SP91-1049, RB835486, RB855453 and RB855536. For the state of Rio de Janeiro, however, the fungus is present but, to date, there are no data similar to those available for São Paulo State.
The data obtained in the present study (Table 1) evidence possible resistance to P. kuehnii isolate from the city of Campos dos Goytacazes (RJ) for different cultivars (RB955971, RB951541, RB92579, RB867515, RB855536, SP91-1049, SP80-3280, SP80-1816), in particular, RB867515. This cultivar is currently one of the most frequently planted in the region of Campos dos Goytacazes, although there have been more than 39 cultivars in this region since 2010.
It is also confirmed that the diagnosis based only on the presence of the symptom (Table 1) As a control strategy to be implemented in the state of Rio de Janeiro, it can be suggested: (i) survey, monitoring and identification of P. kuehnii, mainly at nursery, through molecular test in the various districts of this State, (ii) choice for planting sugarcane cultivars that are resistant, productive and adapted to the state of Rio de Janeiro associated with the progressive elimination of susceptible cultivars, and (iii) implementation of a spatial map of favorable germination of P. kuehnii spores similar to that for São Paulo State (6, 9,15).
This study shows the first molecular detection of P. kuehnii in the state of' Rio de Janeiro for the analyzed cultivars, describing the Official Laboratory of Phytossanitary Diagnosis/UFRRJ, accredited by MAPA and belonging to the National Network of Agricultural Laboratories of the Unified System for Agricultural Health Care, as one of the laboratories in the country with competence to issue reports
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concerning this pathogen. Besides, it allows producers to direct sugarcane planting in the state of Rio de Janeiro for periods less conducive to the pathogen associated with Orange Rust combined with the planting of resistant cultivars; these data also promote sugarcane improvement for showing a sensitive, rapid and secure method for the detection of P. kuehnii.
